Abstract
Ultrasonic irradiation was imposed during electropolymerization of polypyrrole (PPy) in acid phosphate solution containing molybdophosphate (PMo 12 The structure of the PPy film obtained under ultrasonic irradiation was assumed to result from change in nucleation-growth mechanism.
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Introduction
In the last decades, conductive polymers (CPs) such as polyaniline, polypyrrole, and their derivatives have been widely investigated as corrosion-resistant coatings [1] [2] [3] [4] [5] [6] [7] [8] [9] .
From environmental aspect, CP coatings have been considered as a substitute for chromate treatment because their oxidative and catalytic properties induce the stable passive state of steels [1, 3] . In our previous work, we investigated PPy films doped with
Keggin structure ions of PMo 12 O 40 3-for corrosion prevention of steel [ 10 ] . Further improvement of the corrosion resistance was achieved by introduction of over-layer doped with large size organic counter anions [11, 12] . The corrosion resistance was found to depend on electronic and structural properties of oxidized PPy films.
Ultrasonic irradiation has recently been applied to chemical [ 13 -15 ] and electrochemical [16] [17] [18] synthesis of CPs. It has been reported that structural properties of polymer films can be modified by ultrasound imposed during polymerization process.
It is well known that the imposition of ultrasound in a liquid medium allows to generate cavitation bubbles, which grow and collapse, greatly changing the pressure and temperature inside the bubble [19, 20] . Due to the high temperature, many kinds of chemical reactions take place inside bubble as well as vaporization. For example, OH radicals and accompanied other oxidants can be created at the cavitation bubbles and dispersed in liquid solution to induce various reactions [21] . The above phenomena may change the synthesis or electrosynthesis conditions for the CP preparation to modify the structure of the CP films. As seen in Fig. 1 , a significant increase of the ratio of ∆m/∆Q is observed on the polymerization under ultrasonic irradiation.
The thicknesses of the PPy films were evaluated by confocal laser scanning microscopy (CLSM). Table 1 shows the ratio of thickness to electricity passed during polymerization and density (the ratio of mass to thickness) of the PPy films. As seen in Table 1 , the PPy film prepared under ultrasonic irradiation possesses a higher density of 3.9 g/cm 3 than that prepared without ultrasonic irradiation.
The The difference in the signal intensity ratio may indicate some structural change, although, we could not explain the difference in the intensity ratio. The intensity ratio of Mo to P also is different between films prepared with and without ultrasonic irradiation.
The difference indicates that the doping concentration of PMo 12 O 40 3-and HPO 4 2 anions changes with ultrasonic irradiation during the PPy polymerization.
Corrosion tests
The corrosion tests were performed in 3. The electropolymerization process can be expressed by following reaction: 
where, n is the number of moles of pyrrole monomer, y 1 and y 2 are the doping levels of molybdophosphate and phosphate anions, respectively [22, 23] . (3) Figure 6 shows the intensity ratio of P/Mo in the GD-OES measurements as a function of sputtering time for the PPy films prepared under ultrasonic irradiation and without ultrasonic irradiation. From Fig. 6 it is seen that the concentration of phosphorus for the film prepared under ultrasonic irradiation is about a third as high as that for the film prepared without ultrasonic irradiation. When the same calibration adopted in the previous paper [11] was applied to the intensity ratio, phosphorus in the film prepared under ultrasonic irradiation was estimated to be originated only in If we assume y 2 =0 for the PPy film prepared under ultrasonic irradiation the value of y 1 can be calculated in Eq. (4) as a function of ∆m/∆Q which is the slope in Fig. 1 . The protection of the coating may result from formation of the stable passive oxide film at the metal-polymer interface due to oxidative action of PPy and passivator action of PMo 12 O 40 3- [12] . As seen in Table 2 ii) The surface morphology of PPy film was changed with imposition of ultrasound in electropolymerization process. Under the irradiation, a dense and compact PPy layer was formed which was assumed to result from change in nucleation-growth mechanism with the ultrasound imposition.
iii) The doping level of PMo 12 O 40 3-ions was increased twice by ultrasonic irradiation during the electropolymerization 
